The social significance of imitation is that it provides internal tools for understanding the actions of others by simulating or forming internal representations of these actions. Imitation plays a central role in human social behavior by mediating diverse forms of social learning. However, imitation and simulation ability in schizophrenia has not been adequately addressed. The major aim of the present study was to investigate imitation ability in schizophrenia patients and healthy individuals by examining simple motor imitation that involved the replication of meaningless manual and oral gestures, and the imitation of emotional facial expressions, which has implications for mentalizing. A secondary aim of the present study was to investigate the relationships among imitation ability, social functioning, and working memory. Subjects were asked to mimic hand gestures, mouth movements, and facial expressions of others, online. Clinical symptoms, social competence, and working memory were also assessed. Patients with schizophrenia were significantly impaired on all imitation tasks. Imitation errors were significantly correlated with reduced social competence and increased negative symptoms. However, imitation ability was only weakly associated with working memory. To summarize, the present study examined the ability of patients with schizophrenia to imitate the behaviors demonstrated by others. The results indicate a fundamental impairment in imitation ability in schizophrenia and implicate a possible difficulty in simulation. Further research to determine the neural and developmental origins of this difficulty could be extremely helpful in elucidating the role of simulation in schizophrenia and to establish the complex relationships among mental representation, imitation, and social cognition.
Introduction
The human is indissolubly linked with imitation: a human being only becomes human at all by imitating other human beings.
Theodor Adorno 1 Social impairment is a cardinal feature of schizophrenia, present throughout the course of illness starting at the prodromal stage. [2] [3] [4] [5] Social functioning is instrumental in determining quality of life and functional outcome, but difficulties in conceptualizing and assessing social functions have impeded progress towards successful targeted treatment and intervention strategies. [6] [7] [8] One way to tackle these challenges is to segregate anomalous social behavior into theoretically constrained components that can then be systematically examined in the laboratory. Access to such ''building blocks'' that cascade into social impairments could lead to a better understanding of the cognitive and neural origins of these deficits.
In this context, we consider social cognition research in schizophrenia, which has been dominated by the Theoryof-Mind (ToM) paradigm. ToM refers to the ability to attribute mental states, such as thoughts, feelings, intentions, and beliefs to self and others in order to explain and predict behavior. 9 Frith, 10 who proposed that several key symptoms of schizophrenia could be explained by ToM impairment, sparked early interest in ToM in schizophrenia. Accumulating evidence for the presence of ToM deficit in schizophrenia supports Frith's position. 11, 12 However, many tasks that are used to assess ToM (the hinting task, false belief task, story comprehension, etc.) are not specific to tapping mental state attributions and instead, recruit an assortment of cognitive functions, ranging from working memory and selective attention to semantic memory and pragmatics. Thus, it is unclear how and why deficits in ToM arise in patients with schizophrenia.
There are 2 broad theories regarding the cognitive processes that underpin ToM; the theory theory (or meta-representation) and the simulation theory. 13 The theory theory postulates that normal mentalizing or mind reading depends on the acquisition, over the first few years of life, of a stored body of knowledge about mental states and rules of inference concerning how mental states relate to behavior. These rules are maintained online in order to reason about the actions of others. 14, 15 Thus, according to the theory theory, how we infer about the mental states of others is similar to how scientists go about testing their hypotheses.
In contrast, the simulation theory proposes that normal mentalizing or ''mind reading'' involves internally modeling the observed behaviors of others. It is a process of mentally ''stepping into the shoes'' of another person. 13, 16 By generating an internal simulation, one can model the thoughts, emotions, and intentions behind the behaviors of others. In its strongest form, the simulation account implies that understanding others' minds requires no meta-representation or theory formulation.
The theory theory and simulation theory of mentalizing do not have to be mutually exclusive. It is possible that both are employed, depending on the nature of the problem to be solved. Imagine being shipwrecked on a tropical island with no previous exposure to the language and culture of the indigenous people. How does one attempt to understand the actions and behaviors of the hosts? According to the theory theory, one could apply previously acquired knowledge about one's own culture, and because there are many universals among our species, some of these attempts will yield fruitful mind reading results. However, such application of top-down strategy may not be as successful for culturally unique repertoires of behavior. When one encounters a completely novel behavior or action, which does not fit into any previously acquired database of knowledge, then simulation may provide an internal model, which then can be used as an input for a theory about that behavior. Thus, the nature and the context of the social interaction would influence the interaction between the top-down strategy exemplified by the theory-theory account and the more bottom-up strategy of simulation.
In the case of schizophrenia, neither the theory theory nor the simulation theory has been fully explored to link them to the behaviors of schizophrenia patients. Does the theory theory account explain experimental findings and clinical observations in schizophrenia with respect to social cognition? Schizophrenia patients do not necessarily lack the conceptual knowledge about mental states, and many patients acknowledge that beliefs can be false. This suggests that individuals with schizophrenia are able to use meta-representation. 17 Furthermore, individuals with schizophrenia who have difficulties in appreciating the belief of other people also find it difficult to simulate other visual perspectives. 17 The most parsimonious explanation for these co-occurring deficits is that people with schizophrenia find it difficult to simulate another person's subjective experience, whether the content of that experience is cognitive, perceptual, or affective. 17 With respect to the simulation theory of mentalizing, it has been largely overlooked in schizophrenia research yet the construct of simulation overlaps with a fundamental cognitive function, working memory, which may be a core feature of schizophrenia. Individuals with schizophrenia have deficits in the maintenance and manipulation of internal representations in working memory and an associated difficulty in using these representations to guide behavior. [18] [19] [20] Mental simulation may be described as a process by which internal representations of external events such as movements and actions of others are generated and maintained. Viewed in this way, working memory and simulation share similar constructs. They both depend on the generation, maintenance, and manipulation of internal representation. Given the widespread deficits in working memory in schizophrenia, one would expect simulation to be also affected. Simulation provides one possible mechanism by which we model behaviors of others, and deficits in mental simulation could lead to misunderstanding of actions of others. However, simulation ability in schizophrenia has not been adequately studied to date.
A simple and practical way of studying simulation experimentally is to utilize imitation. The simulation theory of ToM simply argues that humans understand the actions of others by replicating or mimicking other individuals. In other words, simulation of others' mental states requires the generation of internal representations, and thus, it is a form of mental imitation.
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In its most generic sense of the word, imitation is the copying of the actions of someone else. As Thorndike 22 stated succinctly, imitation is ''learning to do an act from seeing it done.'' It follows that there is a causal relationship between observing the movement or behavior of a model and reproducing that specific movement by imitation. 23 Imitation plays a central role in human social behavior 13 by mediating diverse forms of social learning. 24, 25 Whether learning to tango in Buenos Aires or to bow fittingly to elderly ladies in Seoul, replicating actions demonstrated by others lies at the heart of skill acquisition. Analogous to imitation of movements, mental imitation or simulation of behaviors of others is suggested to be a core component of mind reading. 21 Overall, a substantive body of literature indicates the importance of imitation in social learning and in the development of the ToM. 13 Thus, it is not surprising to find autism-specific deficits in a broad range of imitation tasks, including imitation of meaningless gestures and emotional expressions, as well as symbolic movements, which are not caused by problems in visual memory or motor control. [26] [27] [28] The biological and social significance of imitation is that it provides internal tools for understanding the actions of others by simulating or forming internal representations of these actions. Evidence suggests that there is a strong link between the simulation function required for imitation and ToM. 29 Further support for the relationship between the process of simulation and imitation comes from investigations into the neural correlates of Imitation, Simulation, and Schizophrenia these functions. The discovery of mirror neurons [30] [31] [32] in the premotor cortex (F5) of nonhuman primates and their role in action understanding provide insight into the neural mechanism supporting mental simulation in imitation. The term mirror neurons was coined to reflect their functional property; they are active both during the execution of one's own goal-directed action and during the observation of the same action performed by others 31, 32 . Analogous to the mirror neurons in the monkey premotor cortex that support action understanding, the human mirror mechanism 33 is mediated by a direct mapping of the observed action and its motor representation in the neural circuit that includes the inferior frontal gyrus (IFG) within Broca's area (human homolog of F5) and the right posterior parietal cortex. 34 Evidence suggests that the human mirror mechanism is also involved in simulating the thoughts, intentions, and emotions of others. A recent fMRI experiment that investigated the neural correlates of empathy found increased activation of the neural circuits that include the IFG and right PP during observation and imitation of facial emotional expressions, which suggests that the mirror mechanism is involved in empathy. 35 Given the deficits in ToM ability in schizophrenia and the close relationship between ToM and imitation ability, it would seem reasonable to hypothesize that individuals with schizophrenia also show imitation deficits. However, very little research has been conducted on this topic. There is some evidence from emotion processing studies which suggests that individuals with schizophrenia have impairments in their ability to pose emotional expressions, 36 and one recent study 37 has explicitly investigated emotional facial imitation ability in schizophrenia and found reduced accuracy in imitation in the absence of deficits in the identification of all emotional facial expressions. Although these findings suggest that patients with schizophrenia are impaired in imitating emotional expressions of others, they did not address the question of whether imitation ability itself is problematic. In other words, do patients with schizophrenia have deficits in imitation even if the action or movement generated by the model is simple and meaningless?
The present study was conceived to examine 3 modes of imitation in schizophrenia patients and healthy individuals: the imitation of hand gestures, mouth movements, and emotional facial expressions. These imitation tasks belong to 2 categories. Complex imitation, such as emotional face imitation is related to mental state attributions and has implications for mentalizing. Simple imitation, such as hand and mouth imitation that involve the replication of meaningless and disembodied manual and oral gestures, do not require the observer to engage in mentalizing.
Based on the results of Schwartz and colleagues 37 , impairment in facial expression imitation in schizophrenia may be predicted. However, the investigation of simple imitation of meaningless movements is necessary to determine whether the basic cognitive ability to imitate and simulate is intact in schizophrenia. If there exists a fundamental impairment in the process of simulation in schizophrenia, then deficits should be observed in schizophrenia for all forms of imitation.
A secondary aim of the present study was to investigate the relationship between imitation ability and social functioning to explore if impaired imitation might be associated with difficulties in social behavior. Lastly, the relationship between simulation ability as probed by imitation tasks and the ability to generate and manipulate mental representations in working memory was investigated, motivated by the notion that both simulation and working memory functions require generation and maintenance of mental representations and are supported by overlapping neural circuits. It has been hypothesized that the core deficit in schizophrenia is an impairment of working memory or guidance of behavior by internal representation. [18] [19] [20] It is possible that social deficits such as impairments in imitation and cognitive deficits such as working memory abnormalities share common roots in problems in generating and simulating the external world.
Method

Participants
Twenty schizophrenia outpatients (7 women) were recruited from 2 outpatient psychiatric facilities in Nashville, TN. Diagnoses were made according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria 38 using structured clinical interviews (SCID-IV). All patients were taking atypical antipsychotic medications. The mean chlorpromazine (CPZ) equivalent dose was 297.3 mg (SD = 128.1). Sixteen healthy control subjects (9 women) without a history of DSM-IV Axis 1 disorders in themselves or their families were recruited from the same urban area. Schizophrenia patients (SZ) and controls (CO) were matched for age, education, intelligence, and handedness (see table 1 ). Exclusion criteria were substance use, neurological disorders, and history of head injury. All subjects had normal or corrected-to-normal vision. All subjects gave written informed consent approved by the Vanderbilt University Institutional Review Board and were paid.
Design and Procedure
Clinical and Demographic Measures
Subjects were asked to complete questionnaires and participate in behavioral tasks. Symptoms ratings for SZ were obtained on the same day using the Brief Psychiatric Rating Scale 39 42 which is based on demographic factors such as age, education, employment, and marital status. The Zigler score can range from 0 to 8 with higher scores indicating greater social competence. Intelligence was assessed using the Wechsler Abbreviated Scale of Intelligence. 43 Handedness was assessed using the Modified Edinburgh Handedness Inventory 44 (see table 1 ).
Working Memory
Verbal working memory (VWM) span was measured using the Letter Number Sequencing task. 45 Subjects were verbally presented a series of letters and numbers and asked to report back the numbers in numerical order, followed by the letters in alphabetical order.
Simple Imitation
Subjects participated in 2 tasks of simple imitation, one involving hand gestures (see figure 1a) and the other mouth movements (see figure 1b) . All participants were given explicit instructions to copy and imitate the movements of the ''model'' as they were watching the stimulus presentation online. They were asked to be as accurate as possible and were given a block of practice trials before starting each imitation task to ensure that they understood the task.
In the hand imitation task, subjects were shown images of a hand forming letters of the alphabet from the American Sign Language (ASL). No participant had prior knowledge of the ASL. Each trial began with a blank screen. When subjects were ready to begin a trial, they pressed the spacebar. Then 2 gestures (ie, 2 ASL letters) appeared on the screen sequentially for 1 s each. Subjects were instructed to imitate each gesture online while they were observing the stimuli. This was followed by a rest period of 10 s. During imitation, each response was compared with the presented stimulus and scored as correct (scoring 1) or incorrect (scoring zero) by a trained experimenter who sat next to the subject with a preprinted scoring form. The imitated gesture was required to be a precise copy of the stimulus gesture (ie, a correct ASL sign); all 5 fingers had to be correctly positioned to receive the correct score for a sign. As each trial consisted of 2 ASL signs, the maximum score for a trial was 2 and the minimum score was 0. There were 2 blocks of 30 trials, one for the left and one for the right hand. The reliability of scoring was established in a separate session with 3 independent raters judging the task performance by 2 individuals (1 male and 1 female), who were not subjects in this study and who imitated the entire stimulus set. The intraclass correlation coefficient was 0.92. For the mouth imitation task, stimuli were created from video clips of a person producing binary combinations of the English vowels, A, E, I, O, and U (eg, AE, OI, UA, IA). Only the mouth region of the face was presented to the subjects to ensure that they were focusing on that part of the face. During practice trials, subjects watched the video with the sound on and were asked to imitate the mouth to produce the same sounds. The vowel sounds are correctly produced only if the mouth moves appropriately. After practice trials, the sound was switched off. Subjects were instructed to move their mouths as they watched the silent video clip and to produce the corresponding vowel sounds. Each trial began with a blank screen. When subjects were ready to begin a trial, they pressed the spacebar. As shown in figure 1b, a video clip was presented of a person moving her mouth to form 2 vowel sounds one after the other. Each mouth movement corresponding to a single vowel sound was presented for 1 s. Therefore each trial lasted 2 s. Subjects moved their mouths to pronounce the 2 vowel sounds as they were watching the video clip. Then there was a 10-s rest period. There were 30 trials. The responses were scored as correct (score of 1) if subjects accurately replicated the mouth movements, accompanied by the correct vowel sound, and incorrect (score of 0) if the mouth and the vowel sound did not match the stimulus. As each trial consisted of 2 mouth movements, the maximum score for a trial was 2 and the minimum score was 0. An experimenter sat next to the subject during the task and scored the response as correct or incorrect on a preprinted scoring form. The reliability of scoring was established in a separate session with 3 independent raters judging the task performance by 2 individuals (1 male and 1 female) who were not subjects in this study and who imitated the entire stimulus set of mouth movements for vowel pronunciations. The intraclass correlation coefficient was 0.64.
Complex Imitation
Subjects were asked to mimic facial expressions (see figure  1c) and to identify the emotion expressed by the stimulus faces. A block of practice trials was given before the experiment began. For the facial emotion imitation and emotion identification tasks, stimuli were photographs of faces chosen from the Karolinska Directed Emotional Faces. 46 Seven emotions (angry, afraid, happy, sad, surprise, disgust, and neutral) were represented by each face. There were 8 male and 8 female stimulus faces. Each trial began with a blank screen. When subjects were ready, they pressed the spacebar. As shown in figure 1c, a stimulus face was presented and subjects were instructed to accurately mimic the facial expression as they were viewing the stimulus face. The stimulus remained on the screen until subjects finished imitating the facial expression. Immediately following imitation, subjects were asked to identify the emotion expressed by the stimulus face by choosing from 7 emotions: anger, fear, happiness, sadness, surprise, disgust, and no emotion (neutral). This was followed by a 10-s resting period. A trained experimenter sat with the subject and scored each face imitation as correct (2 points), partially correct (1 point), or incorrect (0 point) on a preprinted scoring sheet for each trial. The reliability of scoring was established in a separate session with 3 independent raters judging the task performance by 2 participants (1 male and 1 female) who were not subjects in this study and who imitated the entire set of face stimuli. The intraclass correlation coefficient was 0.83. There were 112 trials.
The order of presentation of the hand, mouth, and face tasks was counterbalanced across subjects.
Results
For each task, the accuracy (% correct) was computed. Imitation accuracy on the hand, mouth, and emotional face imitation tasks and the identification accuracy of emotional expression were compared between SZ and CO with analyses of variance (ANOVAs). In addition, correlations were computed to examine the relationships among the imitation ability, clinical symptoms, social competence, and VWM. All significance tests were 2 tailed unless otherwise stated.
Simple Imitation
The accuracy of performance of SZ on the hand imitation task was compared with CO using a mixed model ANOVA with hand (left, right) as the within-subjects factor and group (SZ, CO) as the between-subjects factor. This analysis revealed a significant main effect of group, with CO (M = 84.1, SD = 8.4) performing more accurately than SZ (M = 66.4, SD = 12.4), (F(1, 34) = 23.68, P < .001) (see figure 2 ). There was no significant main effect of hand (F (1, 34) = 0.085, P = .77) and no significant hand-by-group interactions (F (1, 34) = 0.93, P = .34), with CO performing more accurately than SZ for both left-and right-hand gestures. As shown in figure 2, CO (M = 85.1, SD = 9.3) also performed more accurately on the mouth imitation task compared with SZ (M = 70.3, SD = 12.8) (F (1, 34) = 14.9, P = .005).
Complex (Emotional Face) Imitation and Identification
The accuracy of performance of SZ on the emotional face imitation task was compared with CO using a mixed model ANOVA with emotion type (angry, happy, sad, surprised, afraid, disgust, and neutral) as the within-subjects factor and group (schizophrenia, controls) as the between-subjects factor. This analysis revealed a significant main effect of group, with CO (M = 79.4, SD = 7.9) more accurate than SZ (M = 62.9, SD = 9.3) (F (1, 34) = 32.0, P < .001) (see figure 2 ). There were no significant main effects of emotion type (F (6, 204) = 0.94, P = .46) and no significant emotion-by-group interaction (F (6, 204) = 0.51, P = .77). Performance of SZ and CO on the emotional identification task was also compared using a mixed model ANOVA with emotion type (angry, happy, sad, surprised, afraid, disgust, and neutral) as the withinsubjects factor and group (schizophrenia, controls) as the between-subjects factor. There were no significant differences between SZ (M = 75.9, SD = 7.9) and CO (M = 76.9, SD = 6.7) for identification of emotion (F (1, 34) = 0.12, P = .73; see figure 2 and figure 3 ) and no significant emotion-by-group interaction (F (6, 204) = 1.73, P = .14). There was however a significant main effect of emotional valence (F (6, 204) = 53.25, P < .001) with identification performance for sad, disgust, and afraid emotions significantly lower than that for neutral, happy, surprise, and angry emotions. A correlation was performed between the scores on the emotional identification and emotional imitation tasks to investigate the relationship between emotion identification and imitation ability. The correlation between emotional face identification and emotional face imitation across the 2 groups was not statistically significant but there appears to be a trend (r(36) = 0.30, P = .08). Within SZ, the correlation between emotional face imitation and identification was not statistically significant but there was a trend (r(20) = 0.421, P = .07). Within CO, there was no correlation between the imitation accuracy and the performance on the identification of emotional faces (r(16) = 0.21, P = .43).
Relation to Working Memory
Although there was no statistically significant difference in VWM span (F(1, 34) = 2.92, P = .09) between SZ (M = 5.3, SD = 1.2) and CO (M = 5.9, SD = 0.8), there appears to be a trend toward SZ displaying reduced VWM span compared with CO. Correlations between VWM span and accuracy on the 3 imitation tasks and that between VWM span and performance on the emotional identification task were examined across the 2 groups and within each group (see table 2 for a summary of the correlations). Correlations were performed on the total hand imitation score (collapsed across hands) and on the total emotional face imitation, and emotional face identification scores (collapsed across the 7 types of emotions). Across the 2 groups, although the correlation was not statistically significant, there was a trend toward an association between hand imitation accuracy and VWM. In addition, there was a significant correlation between emotion identification accuracy and VWM across the 2 groups; increased accuracy was associated with greater WM span. Within the SZ group, there were no significant correlations among VWM and imitation or identification accuracy. Within CO, there were no significant correlations among VWM and imitation accuracy, but there was a trend toward significant correlation between VWM and emotion identification accuracy, with increased identification accuracy associated with increased WM span (see table 2 ).
Relation to Social Competence Measure
Accuracy on the imitation tasks and the emotion identification task were correlated with the Zigler Social Competence Scores across the 2 groups and within the CO and SZ groups separately. Across the 2 groups, social competence was significantly correlated with hand imitation, mouth imitation, emotional face imitation, and emotional face identification, with higher social competence associated with great imitation and emotion identification accuracy. There were no correlations between the Zigler score and the performance on the imitation or identification tasks in the CO group; however, a significant correlation between social competence and emotional identification was observed in SZ. See table 2 for a summary of the correlations.
Relation to Clinical Symptoms
Correlations among clinical symptoms ratings, and imitation accuracy, identification accuracy, and VWM span are presented in table 3. Overall psychiatric symptoms (BPRS) and negative symptoms (SANS) were significantly associated with imitation performance in SZ, such that higher scores on the BPRS and SANS were associated with poor imitation performance. There was no relationship between positive symptoms (SAPS) and imitation accuracy. There was also no association between clinical symptoms and VWM span.
Discussion
The major aim of this study was to examine imitation ability in schizophrenia in relation to social functioning, clinical symptoms, and working memory. Several findings emerge from this study. Individuals with schizophrenia were less accurate than controls in all imitation tasks, regardless of the modality and complexity of the task. Patients with schizophrenia had difficulty in imitating meaningless manual and oral gestures, as well as facial emotional expressions. This suggests a basic deficit in the imitation ability, which may reflect a difficulty in simulation.
Impaired facial expression imitation in schizophrenia reported in the present study replicates previous findings. 36, 37 It is important to note that the emotional face imitation impairment was not accompanied by a deficit in the identification of facial emotional expressions, and the correlation between imitation and identification scores was not significant. Therefore, it seems unlikely that the face imitation deficits were caused by a general impairment in emotion processing. It is possible that because emotion identification was always preceded by emotional face imitation, identification may have been facilitated. Then those emotions with the highest imitation accuracy ratings should be associated with the highest identification scores. Conversely, those emotions with the lowest imitation accuracy ratings should be associated with the lowest identification scores. But the imitation accuracy score is almost invariant whereas the range of identification scores is about 50% for both groups across all 7 emotions. Thus, accurate imitation does not necessarily lead to accurate identification.
Taken together, these results suggest that individuals with schizophrenia have a fundamental impairment in imitation ability regardless of the motor output system (eg, hand, mouth, face). Given the important role of imitation in all aspects of learning and skill acquisition, such impairment may have profound consequences for social behavior. Social impairment is one of the most disabling clinical features of schizophrenia, 7, 8 and it is possible that imitation impairments may be precursors to these social deficits. In support of this hypothesis, it was found that those who were low on social competence scores were also likely to be impaired on all imitation tasks across the 2 groups. Interestingly, the relationship between Correlations are presented both collapsed across groups and for the within CO and SZ groups separately. VWM, verbal working memory; CO, control; SZ, schizophrenia patients.*P < .05, **P < .01, and þ trend level P <. 09.
the imitation accuracy and social competence was strongest for the emotional face imitation task. There are a number of reasons why this may be the case. First, emotional face imitation ability and empathy may be associated. 35 Because emotional states are linked to certain facial expressions, observation of a facial expression might result in the recruitment of the mirrored mechanism in the observer leading to a corresponding emotional state even if the observer is not able to verbally identify the emotion. Such a process might help to explain the phenomenon of emotional contagion in which people automatically mirror facial expressions and moods of others. [47] [48] [49] This automatic facial mimicry response has been proposed to facilitate empathy through a process of internal simulation of the corresponding facial expressions, 50, 51 and there is evidence to support that this process is achieved through the mirror mechanism. 35 This seems plausible in view of the close connections between the superior temporal sulcus and the amygdala, which have been identified as subserving the neural circuitry that implements the ToM. 52 If the same system underlying simulation is a critical component in empathy, then impairments in the mirror mechanism could lead to reduced sensitivity to the emotional states of others, eventually cascading into social dysfunction. One would then expect those individuals who exhibit impairments in imitation to show deficits in empathy.
In the present study, poor imitation ability was significantly associated with the presence of negative symptoms across all imitation tasks, especially for the emotional face imitation condition. This finding highlights the importance of negative symptoms for emotion processing and social cognition. 53 Moreover, abnormal frontal cortical function 54 and structure 55 may be responsible for both negative symptoms and anomalous human mirror mechanism. 33, 34, 56 Moreover, the role of the prefrontal cortex in working memory is well established. It was hypothesized that an impairment in the ability to generate and manipulate internal representations, as observed in working memory tasks, 18, 19 would be related to the process of simulation in which internal representations of the actions of others are generated. In the present study, a weak correlation between hand gesture imitation and verbal working memory was observed at trend level. Compared with the much more robust correlations among social functioning, negative symptoms, and imitation ability, this association between imitation ability and working memory is fragile. It is important to note that this group of patients with schizophrenia performed rather well on the VWM task, and therefore, the range of the VWM span was very much restricted. The reduced range of VWM scores may have contributed to the weak association between working memory and imitation scores. Langdon and her colleagues 17 have suggested that individuals with schizophrenia have a particular impairment in the ability to simulate another person's firstperson viewpoint, whether the content of that experience is cognitive, perceptual, or affective. In the present study, all tasks of imitation required this kind of perspective taking because the stimuli consisted of other people's hands, mouths, and faces. In contrast, the letter-number task of verbal working memory is a nonsocial task that requires sequencing over time. Thus, it is possible that a relationship exists between imitation ability and working memory, but the letter-number task was not sensitive enough to detect it.
There are several limitations to the present study. First, it is unknown whether the imitation deficit we observed is a permanent feature of schizophrenia or is state dependent. The patients with schizophrenia in this study were outpatients taking atypical antipsychotic medications and whose clinical symptoms were stable. Thus, it is not possible to determine whether the imitation deficit fluctuates over time or if it is a trait marker. Impairments in mentalizing may be a trait marker, 12 but the existing evidence is mixed and some studies have reported intact ToM in remitted patients with schizophrenia. 57, 58 Future studies should specify the relationship between clinical symptoms and mental simulation as probed by imitation tasks. With respect to potential antipsychotic drug effects, medication does not seem to cause ToM deficits, 59 but their potential effects on imitation ability are not known. Second, although the simulation account of ToM motivated the context for this study, ToM was not directly investigated. The role of imitation and simulation should be directly addressed in a future study in which different components of mental state attribution are examined concurrently. Third, the rating system used in the present study should be further refined where possible. It was not possible for the raters to be blind to the diagnosis of participants because upon interacting with the participant it becomes apparent who has psychosis and who does not, at least to clinically trained researchers. One possibility is using sensors on a ''data glove'' to detect accurately the hand movements made by the subject. 60 By transducing the movements of the fingers, the velocity profile of each digit's flexion or extension can be used to segment movements made during an imitation and compared with the corresponding gestures made by the model. Therefore, a multivariate quantitative description of each imitation, including its temporal characteristics, as well as spatial errors can be obtained. Utilizing such methods can bypass the potential problems in rater bias and reliability. A quantitative imitation study using the data glove technology is currently in progress in the authors' laboratory.
To summarize, the present study examined the ability of patients with schizophrenia to imitate the behaviors demonstrated by others. The results indicate a fundamental impairment in imitation ability in schizophrenia and implicate a possible difficulty in simulation. The present study did not directly address the potential relationship between imitation and ToM, but instead it sought to examine whether individuals with schizophrenia are able to engage in mental simulation of the world outside. The fact that patients with schizophrenia show any deficits in imitating simple manual and oral gestures is astonishing. Given that children are prolific ''imitation machines '' 61 beginning in infancy, 62, 63 it is puzzling why human adults would have a difficulty replicating manual gestures. Further research to determine the neural and developmental origins of this difficulty could be extremely helpful in elucidating the role of simulation in schizophrenia and to establish the complex relationships among internal representation, imitation, and social cognition. 
